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Three Kinds of Cytoskeletal Filaments 



Act in filament 




Microtubule 




Tubulin subunit 
Intermediate filament 
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10 nm 




The three polymer systems of a 
fibroblast cytoskeleton, as seen in 
the fluorescence microscope 
after fixation and labelling with 
specific probes 

A, the , labelled with 

fluorescent phalloidin 
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Actin Filaments 



Stress fibers 



1 . 

2 . 

3 . 

4 . 



Also called Microfilaments 
Functions: 

Movement of cells through 
psuedopodia 

Muscle contraction in 

multicellular organisms 

Animal cell division 
Cell shape 




The structure of an actin monomer and actin filament 



two parallel protofilaments that twist around each other 
in a right-handed helix 





C6opKa H U.MK/1 o6MeHa aKTMHOBblX (J)M/iaMeHTOB 





B3anM0AeMCTBne aKTi/ma c K/ieTOHHOM MeM6paHOM m c|)op/viMpoBaHMe 
KOHT3 KTOB C a/^re3MOHHblMM 6e/lKa/VW BHeK/ieTOHHOrO MaTpMKCa 





Mo^e/ib pery/iflu,nn c6opKM aKTMHOBoro BO/ioKHa 3a cneT no/iapHoro Kana Ha 
+KOHU,e c ynacTMe/vi pa^a aKTMH-CB^3biBaK)Lu 1 MX 6e/iKOB (npoc|)M;iMH, koc^m/imh, 

MM03MH, KanMpyKDLU.Me 6e/IKM M T.^) 






Cell movements driven by microfilaments 



• Acrosome reaction: when sperm penetrate the egg cell 








Myosin is an actin motor 
protein 

Actin & Myosin are 
responsible for muscle 
contraction 




Myosin tail 





the microtubule 
cytoskeleton labelled with 
an antibody to tubulin 




Microtubules 



a-Tubulin 



Thickest filaments of the cytoskeleton 

p-Tubulin 

Function in: 

1. Mvmt of chromosomes 

2. Mvmt of organelles 

3. Mvmt of cargo (vesicles) 

4. Cell motility (cilia and flagella) 

5. Cell shape 

Made of two proteins that form dimers 

1. a-tubulin 

2. 3-tubulin 



(a) 




The structure of a microtubule and its subunits 






(5-tubulin 



tubulin heterodimer 
(= microtubule subunit) 



protofilament 



lumen 



plus 

end 



v : ; ; minus 
end 



microtubule 



a-tubulin 

V (B) (C) 

heterodimer 13 parallel protofilaments 

hollow and cylindrica and polar 



50 nm 





Longitudinal section Microtubules Cross section 

of centriole of centriole 9 sets triplet microtubules 
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Microtubules must be anchored to some part of the cell 
Centrosome or Microtubule organizing centers (MTOCs) 

- basal bodies are important in cilia and flagella 

- centrioles are important in cell division 




Mitosis and Microtubule Movement of 

Chromosomes 



During mitosis, the 

anchor the 
formation of 
microtubules which 



form the spindle on 
which the 



chromosomes will 



attach. 
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Fig, 1, Cells with noocentrosomal MT arrays. 
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Fig, 2 . The three-step hypothesis. Schematic diagram of the three steps in the formation of Jioncentrosoinal MT arrays. 






npoMewyTOHHbie 

(|)M/ia/V\eHTbl 



the intermediate filament 
cytoskeleton labelled with 
antibodies to the intermediate 
filament protein, vimentin 
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A model of intermediate filament construction 




COOH 



two tetramers packed together 



cx-helical region in monomer 



NH2 



COOH 



COOH 



NH2 



NH2 COOH COOH l ^ H2 

staggered tetramer of two coiled-coil dimers 



COOH 



coiled-coil dimer 



COOH 



48 nm 



No polarity! 



Intermediate filaments are only found in some metazoans: vertebrates, 
nematodes, molluscs. Not required in every cell type 
Ancesters: nuclear lamins. Easily bent, Hard to break 



Intermediate Filaments 

• IF function is structural: to reinforce cells and organize them into tissues 

- Claws and hair are the dead remnants of epidermal cells composed 
mainly of IF proteins 

- Function in the Extra Cellular Matrix to bind cells into tissues 

- Motility is NOT a function 





npoMewyTOHHbie (Jw/ia/vieHTbi: AMHa/viMKa 




Figure 1. Movie 1: The IF array is dynamic. Shown is the behavior 
of the IF array in an NIH3T3 cell expressing GFP-vimentirt Tine 
movements of the IF array in this movie are typical of other arrays 
we have recorded. Bar, 15 /tm. 




Figure 2. Movie 2: IFs in a mitotic cell form cage-like structures 
around dividing nuclei. The organization of GFP-vimentin in a 
dividing NIH3T3 cell is shown. The IF array forms cage-like struc- 
tures around the daughter nuclei, and it is connected by a bridge. 
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Directional Movement 
Structu r a I Tra n vfo r ni a tio n 



• rnnOTeTMHeCKMM MexaHM3M , 
o6'b«CH«K)lU 1 MM AMHaMMHeCKkie 
CBOMCTBa MHTep(()a3HblX 
npoMe>nyTOHHbix c|)M/iaMeHTOB: 

• B3anMHbie npeBpauj,eHMB 
d/lUHHbIX U KOpomKUX 
cfju/iaMeHmoe u 
Hecfju/iaMeHrriHbix onuzoMepoe 
cynacTneM MMKpoipy6oHeK Kate 
HanpaB/iBK)iu l Mx cipyKTyp m 

• fla/ibHekiiuee CLUMBaHkie MT m IF 



IFAP-mediatecI Crossbridge 
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LJmocKe/ieTHbie cipyKTypbi npoxapMOT 






Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display 




Actin is a protein fiber present in some bacteria, which is 
involved in maintaining cell shape 






npoKapMOTMHecKkie roMO/iom aKTMHa 



From left to right: 

•Saccharomyces cerevisiae actin, ATP bound 
• Thermotoga maritima MreB, AMPPNP bound 
•ParM of plasmid R1 , ADP bound 



EUKARYOTIC PROKARYOTIC PROKARYOTIC 




Actin MreB ParM 





Protofilament axis 



Structures of F-actin (Holmes et al. 1990), MreB (van den Ent et al. 2001), and ParM (van den 

Ent et al. 2002). 
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Protofilament axis 



Structures of F-actin (Holmes et al. 1990), MreB (van den Ent et al. 2001), and ParM (van den 

Ent et al. 2002). 
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Localization and functions of the actin-like MreB protein 




(E) Chromosome segregation in E. coli 

mreB deletion strain 

Bacterial DNA- red /membrane - green 



(F) Suggested organization of cytoskeleton- 
associated cell wall-synthesizing proteins of E. coli. 

The cytoplasmic MreB cytoskeleton is linked via 
MreC and MreD to the PBP murein biosynthetic 
enzymes. 

MreC is shown as a transmembrane protein, but it 
may be a periplasmic. 

This multiprotein structure may permit the 
MreB cytoskeleton to regulate the pattern of 
cell wall biosynthesis by providing spatial 
information to the murein biosynthetic 
machinery. 




OM, outer membrane; 

PG, peptidoglycan (murein); 
IM, inner membrane 




npoKapMOTMHecKne ro/vio/iom Ty6y/iMHa 




From left to right: 

• Bos taurus G-tubulin, GTP/GDP bound 
•Methanococcus jannaschii FtsZ , GDP bound 
•Prosthecobacter dejongeii BtubA, GTP bound 






npoKapnoTMHecKne <J)M/iaMeHT-o6pa3yioiu 1 Me 6e/iKM 




MinD (left) and Soj (right) proteins: 

• Archaeoglobus fulgidus MinD, nucleotide free 
• Thermus thermophilus Soj, ADP bound 






Diagrammatic representation of a portion of the 
cytokinetic ring (septasome) off. Coli 










OM, outer membrane; 

PG, peptidoglycan (murein); 
IM, inner membrane 



FtsZ is anchored to the cell membrane by FtsA and ZipA, 
and the other septasomal proteins are then added to the 
complex. 





«ripoMe>KyTOHHbie 4)nnaMeHTbi» y 
Caulobacter crescentus 
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The Bacterial Cytoskeleton: An Intermediate Filament-Like 
Function in Cell Shape. 

N.Ausmees, J.R. Kuhn and C.Jacobs-Wagner. 

Cell, 115, 705-713 (2003) 






cresentin 
filaments made in 
vitro 





creS::Tn5 





morphology of creS (crescentin) mutant 







MamK filament 



Magnetosomes located under the surface of the 
cytoplasmic membrane of Magnetospirillum 

magneticum 




The intermediate filament-like protein 
crescentin (green) forms filamentous 
structures (white arrows) along the 
concave edge of C. crescentus. 
Membranes in 






YnacTMe aKTMH- m Ty6yiiMH-noAo6Hbix 6eiiKOB b <qejieHHM GaKTepn m 



division 




— elongation onset of division . 
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B. subtilis I E coli 



elongation onset of division 




Vibrioid 



C. crescentus 



Cabeen, Jacobs-Wagner J. Cell Biol. 2008:179:381-387 



©2008 Cabeen et.al. 



JCB 



Axial Filaments 



• Also called endoflagella 

• In spirochetes 

• Anchored at one end of a cell 

• Rotation causes cell to move 




(a) A photomicrograph of the i — i 

spirochete Leptospira, showing 1 

an axial filament 






